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(54) A dental handpiece for the polymerization of photosetting compounds or resins 



(57) A dental handpiece (1 , 1 00) for the polymeriza- 
tion of photosetting compounds or resins which includes 
a casing (2) inside which is positioned an electronic cir- 
cuit (13) which powers a light source (7) including a 
printed circuit board (6) on which a plurality of semicon- 
ductor dice (31 ) are assembled to obtain LEDs that emit 



blue light allowing the polymerization of said photoset- 
ting resins; such electronic circuit (1 3) includes a switch 
(18) with a button (19) which, when pressed by an op- 
erator, controls the turning on and/or turning off of LEDs 
(3 1 ), a system clock (21 ) to keep the LEDs lit for a preset 
time period and an acoustic signal generator (20) to sig- 
nal the turning off of the LEDs. 
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Description 

[0001 ] The present invention concerns a dental hand- 
piece for the polymerization of photosetting compounds 
or resins. 

[0002] The invention refers, in particular, to a tool 
used by dentists for the polymerization of photosetting 
compounds or resins especially utilised in dental proth- 
eses. 

[0003] Photosetting resins are applied, in a semifluid 
state, to patients* dental prostheses, and then hardened 
by a polymerization process. Such a polymerization 
process involves heating the resins for a certain length 
of time, using a light source that emits blue light, i.e. hav- 
ing an emission spectrum with a wavelength of about 
470 nm. 

[0004] At present, dental handpieces, according to 
the prior art, for such purposes, use halogen lamps as 
the light source. The light emitted by the halogen lamps 
is filtered by dichroic filters, so that a blue light with a 
light spectrum having a wavelength between 430 and 
51 0 nm is obtained. The light emerging from the dichroic 
filters is transported, through optic fibres, to the outlet 
of the dental handpiece, enabling the dentist to direct it 
on the resin to be polymerised, applied to the patienfs 
dental prosthesis. 

[0005] The known dental handpieces utilizing halo- 
gen lamps as polymerizer lamps have various draw- 
backs. 

[0006] In order to achieve polymerization of the resin, 
the light emerging from the dental handpiece must have 
a power output of approximately 500 mW. As halogen 
lamps have a very low efficiency, intended as power out- 
put to power input ratio, (efficiency value tj = 0.5-1%), 
this results in high energy dissipation, by the polymer- 
izer lamps, that reach values of 50 to 100W. Conse- 
quently, excessive overheating of the dental handpiece 
results and hence problems for heat dissipation or re- 
moval. In fact, to assist with heat removal, it is necessary 
to use large dental handpieces that may be equipped 
with internal ventilation systems. 
[0007] As a consequence, such dental handpieces 
are excessively bulky and heavy, this being detrimental 
to their manoeuvrability. 

[0008] Besides, with the power output provided by 
halogen lamps, fairly long resin polymerization times are 
envisaged, which is very annoying, both for the patient 
undergoing treatment and the dentist who must carry it 
out. 

[0009] In an attempt to try to reduce resin polymeri- 
zation times, dental handpieces, with different light 
sources, have appeared on the market. Dental hand- 
pieces are per se known that use gas discharge lamps 
(plasma torches) as a light source which emit high pow- 
er white light, that is filtered so as to obtain a light beam 
with an emission spectrum centred on blue, as dental 
handpieces are also known, using a laser light source, 
that directly transmit a light beam with an emission spec- 



trum centred on blue. 

[001 0] With this type of dental handpiece it is possible 
to obtain a light beam with a power output approximately 
ten times greater compared to that obtained with halo- 
5 gen lamps, therefore shorter polymerization times are 
requested. However, such dental handpieces, apart 
from being very expensive, have the problem of needing 
to dissipate a large amount of heat, and inevitably must 
provide a heat dissipation , or cooling system making 
10 them excessively bulky and heavy. 

[0011] All the known dental handpieces using halo- 
gen lamps or plasma torches or laser as a light source 
have an electricity supply system reserved only for the 
electricity supply of such a light source. This makes the 
15 dental handpiece bulky and not versatile, because of the 
purpose-built circuitry provided for such light sources. 
[0012] An optic irradiation device is described in pat- 
ent application PCT/GB 98/ 02905 suitable for polymer- 
ization, using as a light source, a cluster of light emitting 
20 diodes (LEDs) of the type commonly available on the 
market, i.e. including a semiconductor junction covered 
by a covering capsule made of transparent material. 
[0013] In order to increase the number of LEDs in the 
cluster, the covering capsule of each LED is faceted, so 
25 as to bunch the LEDs sideways to take up minimum 
space. Such a device has the drawback that a large 
number of LEDs is necessary to focus a beam of light 
which is suitable for polymerization. Therefore, to put as 
many LEDs into a confined space, as in a dental hand- 
so piece, it is necessary to make facets on the protection 
capsule of each LED, with a subsequent wasting of time 
and costs due to the extra work. In spite of this, the pro- 
posed LED clusters are excessively bulky. 
[0014] The aim of the invention is to eliminate such 
35 drawbacks by providing a dental handpiece, for the po- 
lymerization of photosetting compounds or resins, of re- 
duced dimensions and bulk, proving versatile, economic 
and easy to produce. 

[0015] This aim is reached, in accordance with the in- 
40 vention, with the characteristics listed in the enclosed 
claim 1 . 

[0016] The preferred embodiments of the invention 
emerge from the dependent claims. 
[0017] In the dental handpiece for the polymerization 
« of photosetting compounds or resins, the light source is 
produced by means of a multilayer printed circuit board 
in which a plurality of semiconductor chips or square 
dice, with a side dimension of less than 1 mm, are con- 
tained. 

50 [0018] The material utilised is preferably gallium ar- 
senide (GaAs), although silicon or another semiconduc- 
tor may also be used. 

[0019] Each die has a p-n junction, i.e. a junction be- 
tween two semiconductor layers doped type-p and type- 
55 n, respectively. The type-p layer is obtained through the 
implantation of electron acceptor elements, with the 
type-n layer being obtained through the implantation of 
electron donor elements. 
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[0020] When a p-n junction is directly biased, photons 
are emitted with consequent light radiation. Therefore 
each single die acts like an LED (light emitting diode). 
[0021] The p-n junction of each die is made in such a 
way as to generate an emission of photons.that transmit 
a blue light with an emission spectrum perfectly centred 
on 470 nm. 

[0022] Each die is directly assembled bare on the 
printed circuit board, using the "chip on board" tech- 
nique, without using any container or protection capsule 
on each die. The printed circuit board is then coated with 
a clear epoxy resin that allows the transmission of light. 
[0023] This technology makes it possible to mount 
about four times more LEDs for unit area on a printed 
circuit board compared to the number of LEDs for unit 
area obtainable with the prior art. In this manner, in- 
creased lighting is achieved with the same bulk, alter- 
natively smaller dental handpieces are made available 
in order to provide sufficient lighting for the polymeriza- 
tion of photosetting resins, compared to prior art dental 
handpieces. 

[0024] The LEDs have a very high efficiency (*n= 
40%), around forty times greater compared to halogen 
lamps; as a result the LED power dissipation is very low 
and therefore problems of heat dissipation and exces- 
sive overheating of the dental handpieces are absent. 
Hence, complicated cooling systems become unneces- 
sary and therefore dental handpieces of much reduced 
size and weight proving more manageable may be pro- 
duced. 

[0025] The utilisation of LEDs as a light source, allows 
the electrical supply of a dental chair unit to be used as 
the electricity supply for such a light source. The dental 
chair unit is a unit used by dentists which includes an 
adjustable reclining seat on which the patient sits, to- 
gether with a series of dental instruments, e.g. turbines, 
micromotors, piezoelectric scalers, etc. This, apart from 
reducing the dental handpiece's bulk, since it is not nec- 
essary to. develop circuitry expressly for supplying its 
light source, makes the same dental handpiece very 
versatile and adaptable to the various instruments nor- 
mally used in dentistry. Since LEDs dissipate very limit- 
ed power, the dental handpiece, according to the inven- 
tion, may also be fed autonomously by batteries, thus 
avoiding the need for connectors and mains wires and 
therefore making the dental handpiece autonomous and 
easily transportable. 

[0026] Additional characteristics of the invention will 
be made clearer from the detailed description that fol- 
lows, referring to its purely illustrative production forms 
and therefore non limiting embodiments, shown in the 
enclosed drawings, in which: 



bodiment of the dental handpiece according to the 
invention; 

Fig. 3 is a plan view of a printed circuit board in 
which a matrix of LEDs is obtained; 

Fig. 4 is a sectional view of the printed circuit board 
of Fig. 3, taken along plane IV-IV. 



Fig. 1 shows a part sectional view of a first embod- 
iment of the dental handpiece, according to the in- 
vention; 

Fig. 2 shows a part sectional view of a second em- 



io [0027] In Fig. 1 , a first embodiment of a dental hand- 
piece, according to the invention is shown as a whole, 
and referenced 1 . Dental handpiece 1 includes a casing 
2 of basically hollow cylindrical shape with a cylindrical 
tang 3 ending in a slightly bent cylindrical tube or pipe 
4. At the end of tube 4, a housing 5 containing a light 
source 7 is located. 

[0028] As shown in Figs. 3 and 4, the light source 7 is 
produced by a printed circuit board 6 made of a multi- 
layered printed circuit. A circular housing 30 is made in 
the upper surface of the printed circuit board 6 to house 
a plurality of semiconductor chips or dice 31 . Obviously, 
the housing 30 may be differently shaped if required. 
[0029] As semiconductor material, gallium arsenide is 
preferably utilised. 

[0030] The single die 31 is basically square shaped 
with a side dimension of less than 1 mm. 
[0031] Die 31 is produced by a two layered semicon- 
ductor p-n junction, a type-p doped layer with electron 
acceptor materials and a type-n layer doped with elec- 
tron donor materials. 

[0032] When directly biased a p-n junction generates 
an emission of photons with consequent light radiation, 
therefore each die 3 1 behaves like an LED (light emitting 
diode). 

[0033] Dice 31 are assembled in housing 30 of the 
printed circuit board 6 by the "chip on board- technique, 
i.e. each die 31 is assembled bare, without any cover or 
covering capsule. Therefore the connection junctions 33 
of dice 31 are made on the printed circuit board 6, pref- 
erably with gold soldering. Finally, the housing 30 is cov- 
ered with a clear epoxy resin 32. 
[0034] With this technology it is possible to assemble 
a large number up to sixty dice 31 on a printed circuit 
board of 1 3 mm diameter. 

[0035] In this way, a light source 7 is obtained includ- 
ing a plurality of dice 31 hereafter called LEDs 31 , even 
if substantially different from the LEDs commonly avail- 
able on the market which have a p-n junction covering 
capsule, made of glass or other transparent material. 
[0036] in the present embodiment of the invention, the 
dice or LEDs 31 are located in housing 30 in a linear 
array configuration, symmetrically arranged in parallel 
lines and slightly separated from each other. In particu- 
lar, there are two single dice arranged in the two poles 
55 of the housing 30 and going towards the centre they 
form a symmetrical array of four dice, an array of five 
dice and an array of six dice, thus forming a matrix of 
thirty-two dice. 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 090 608 A1 



6 



[0037] The LEDs 31 used emit blue light having a 
spectrum with a wavelength of 470 nm. 
[0038] An end of housing 5 is covered by a small glass 
8 to protect the LEDs 31 and to let the light emitted by 
such LEDs pass through. 

[0039] At the bottom end of the casing 2 of the dental 
handpiece is a cover 9 inside which is an electrical con- 
nector element 1 0 with electrical contacts 1 1 and 12 for 
the electricity supply and earthing of the dental hand- 
piece's internal circuitry. The connector 1 0 may be con- 
nected to a complementary connector element to be 
powered from mains supply or a dental chair unit. The 
dental chair unit is equipped with electric transformers 
which draw power supply from the mains supply and 
provide a voltage supply of 24V a.c. (alternating current) 
or 32V d.c. (direct current). Dental handpieces are also 
available without a connector and with an autonomous 
power supply such as batteries, capable of providing di- 
rect current voltage supply suitable for powering the 
printed circuit board 6 containing the LEDs 31 . 
[0040] The electrical contacts 1 1 and 1 2 of connector 
10 are connected to an electronic circuit 13 situated in 
the casing 2 of the dental handpiece. Two electrical, 
wires 14 and 15 are connected to the electronic circuit 
13 for the power supply and earthing of the printed circuit 
board 6. The electrical wires 14 and 15 pass through the 
tang 3 and tube 4 and are connected to the contacts 40 
of the printed circuit board 6 containing the LEDs 31 . 
[0041] If the LEDs 31 are connected in series, in order 
to function properly, the electronic circuit 13 must be 
able to supply the LEDs with a constant current of 20 
mA and a voltage equal to the number of LEDs multi- 
plied by the bias voltage of each LED, i.e. about 3.3-3.5 
V. Clearly, LED connections in parallel may be made or 
in parallel-series, to provide a lower voltage drop and a 
greater supply current. 

[0042] The electronic circuit 1 3 includes a rectifier 1 7 
and a current generator 1 6. If an alternating current volt- 
age signal is drawn from the dental chair unit, this signal 
is then passed through the rectifier 17 in which it is lev- 
elled off and sent to the current generator 16. The cur- 
rent generator 1 6 should preferably be a PWM type gen- 
erator (pulse width modulation), which is able to in- 
crease or decrease the supply voltage to be sent to the 
printed circuit board 6, depending on the number of 
LEDs 31 and their connection. 
[0043] Besides, the electronic circuit 13 includes a 
switch 18, a system clock 21 and a generator of acoustic 
signal or buzzer 20. Switch 1 8 is controlled by a button 
1 9 projecting out of the casing 2 of the dental handpiece, 
so that it can be pressed by an operator. When the op- 
erator presses button 19, switch 18 turns on supply to 
LEDs 7, which then start emitting blue light. At the same 
time, the system clock 21 begins counting for a preset 
time period (e.g. 20 seconds). Upon termination of this 
time period, the electricity supply of the printed circuit 
board 6 is turned off and therefore LEDs 31 turn off and, 
simultaneously, buzzer 20 emits an acoustic sound sig- 



nalling the turning off of LEDs 31. Pressing button 19 
during the operation cycle causes the turning off of LEDs 
31 and resets the system clock 21 , for the next cycle. 
The acoustic signalling device can obviously be re- 
5 placed by a visual signalling device, without however 
departing from the scope of the invention. 
[0044] A second embodiment of a dental handpiece 
100 according to the invention is shown in figure 2, in 
which identical or similar parts are denoted by the same 
10 reference numbers used for the first embodiment. 
[0045] In the dental handpiece 1 00, the printed circuit 
board 6 containing the LED matrix 31 is positioned in a 
housing 50, formed between the front end of casing 2 
of the dental handpiece and tang 3. In this embodiment, 
'5 around twenty LEDs 31 should preferably be used. 
[0046] In housing 50, at a suitable distance from the 
LED matrix 31 , a condenser lens 60 is positioned whose 
purpose is to focus the light emitted by LEDs 31 towards 
an optic fibre 51 . The optic fibre 51 is engaged to the 

20 end of tang 3 and is of a slightly bent cylindrical shape 
so as to effectively direct the blue light towards the pa- 
tient's oral cavity. Moreover, the optic fibre has the ad- 
vantage of being able to be sterilized in an autoclave at 
high temperatures. 

25 [0047] Possible problems of heat drainage, due to an 
excessive number of LEDs 31 , may be solved by a se- 
ries of metallized holes made on the printed circuit board 
6 and the provision of a possible heat dissipator turned 
towards the face of printed circuit board 6, opposite that 

30 jn which the LEDs 31 are located. 



Claims 

35 i, A dental handpiece (1 , 100) for the polymerization 
of photosetting compounds or resins, including a 
casing (2) inside which an electronic circuit (13) is 
located to provide power supply for a light source 
(7) formed by LEDs (31 ) in order to allow the potym- 
40 erization of said photosetting resins, characterised 
in that said LEDs (31) are provided by a plurality of 
semiconductor dice (31) assembled on a printed cir- 
cuit board (6). 

45 2. A dental handpiece according to claim 1 , character- 
ised in that said semiconductor dice (31 ) are pro- 
duced with a p-n junction of gallium arsenide. 

3. A dental handpiece according to claim 1 or 2, char- 
50 acterised in that said dice (31 ) are basically square 

shaped with a side dimension of less than one mil- 
limetre. 

4. A dental handpiece according to any one of the pre- 
55 vious claims, characterised in that said printed cir- 
cuit board (6) is multilayered with a housing (30) in 
which are positioned said dice (31). 
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5. A dental handpiece according to claim 4, character- 
ised in that in said housing (30) is deposited a clear 
epoxy resin (32) covering said dice (31). 

6. A dental handpiece according to any one of the pre- 
vious claims, characterised in that said LEDs (31) 
emit blue light with an emission spectrum centred 
around 470 nm. 

7. A dental handpiece (1) according to any one of the 
previous claims, characterised in that said printed 
circuit board (6) is located in a housing (5) inside 
the dental handpiece (1) in its top end, said housing 
(5) being covered and protected by a small glass 
(8) which lets light pass through. 

8. A dental handpiece (100) according to any one of 
the claims from 1 to 6, characterised in that said 
printed circuit board (6) is positioned in a housing 
(50) within the casing (2) of the dental handpiece 
and the light coming from said LEDs (31 ) is focused 
by a condenser lens (60). 



vious claims, characterised in that said electronic 
circuit (13), includes a switch (18) connected to a 
button (19) which, when pressed by an operator, 
controls the turning on and/or turning off of said 
5 LEDs (31) assembled on the printed circuit board 
(6). 

15. A dental handpiece according to any one of the pre- 
vious claims, characterised in that said electronic 

10 circuit (1 3) includes a system clock (21 ) that keeps 
said LEDs (31) lit for a preset time period. 

16. A dental handpiece according to any one of the pre- 
vious claims, characterised by the fact that said 

15 electronic circuit (13) includes an acoustic and/or 
visual signal generator (20) capable of emitting an 
acoustic and/or visual signal, when said LEDs (31) 
are turned off. 



20 



9. A dental handpiece (100) according to claim 8, 
characterised in that the light emitted by LEDs (31 ) 25 
and focused by the condenser lens (60) is sent to- 
wards an optic fibre (51 ) whose purpose is to direct 
it towards the patient's oral cavity. 



10. A dental handpiece according to any one of the pre- 30 
vious claims, characterised in that a connector ele- 
ment (1 0) is connected to said electronic circuit (13) 
able to join up with a complementary connector el- 
ement to draw power supply from the mains supply 
or from a dental chair unit. 35 



1 1 . A dental handpiece according to any one of the pre- 
vious claims, characterised in that an independent 
system for the dental handpiece power supply, in- 
cluding batteries, is provided. *o 



1 2. A dental handpiece, according to any one of the pre- 
vious claims, characterised in that said electronic 
circuit (13) includes a rectifier (1 7) able to rectify the 
alternating current voltage drawn from the mains *s 
supply or from a dental chair unit and a current gen- 
erator (1 6) that draws voltage from said rectifier (1 7) 
and supplies an appropriate current to the printed 
circuit board (6) for the bias of LEDs (31). 

so 

13. A dental handpiece according to claim 12, charac- 
terised in that said current generator is a PWM type 
generator (Pulse Width Modulation) able to in- 
crease or decrease the voltage to be supplied to the 
printed circuit board (6) depending on the number 55 
of LEDs (31) and their connection. 

14. A dental handpiece according to any one of the pre- 
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